ADAPTATIONS TO WINTER ACTIVITY IN 
ISOTOMA HIEMALIS (COLLEMBOLA) 


J.Zettel, U.Zettel 
Zoologisches Institut der Universitat Bern, Bern, Switzerland 


AJATITAUMM K 3HMHEÑ AKTHBHOCTH Y 

ISOTOMA HIEMALIS (COLLEMBOLA) 

Alerter, Y.Derrexs 

Soonormyeckni uxoTutTyT Bepxckoro yHuBepenteta, Bbepx, lbefuapna 


Winter activity and cold tolerance of Collembole and other insects are 
phenomenons which fascinated naturalists since a long time. Snow surface ac- 
tivity of Collembola is known to be an indication of mild weather or a 
weather change for Red Indians /4/ as well as for modern farmers and forest- 
ry people with a good feeling for nature. 
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F i g. 1. Cyclomorphosis in Isotoma hiemalis. Occurrence of summer 
and winter morph and an intermediate form through the seasons in ani- 
mals caught on the snow surface and extracted from litter 

I — snow animals, II - litter animals; 1 =- summer, 2 — intermedia- 
te, 3 — winter morphs 


In Isotoma hiemalis, a collembolan distributed throughout northern and 
middle Europe, we are investigating aspects of the winter biology of a po- 
pulation living in a subalpine spruce forest. Like some other winter-active 
springtails, I.hiemalis shows a cyclomorphosis. Winter and summer morphs dif- 
fer in the shape of the mucro /2/ as well as in a number of physiological 
characteristics. The circumstances become complicated by the fact that in 
winter the population splits up into two subpopulations (Pig.1). Ca. 60% of 
the animals stay in the litter layer ("litter animals") and change back to 
the summer morph already in January. 40% move up into the snow and stay 
there throughout winter ("snow animals"); these are the animals wich can be 
observed on the snow surface. Experiments with marked animals showed that 
litter animals never appear on the snow surface and snow animals of the 
winter morph only retreat into litter or soil when the snow temperatures 
become too low /8/. Litter as well as snow subpopulations are composed of 
different instars, but no snow animals younger than instar IV have been ob- 
served. Thus only part of a I.hiemalis population shows the well known win- 
ter activity. 

A number of physiological adaptations are necessary for an activity in 
and on the snow. Snow animals are much better adapted to live in a frozen 
environment than litter animals (Table }: a) a lower chill-coma and a 
higher standard metabolic rate ensure an adequate mobility at subzero tem- 
peratures; b) the hemolymph melting point being only -0.6°C, a distinct su- 
percooling ability is necessary to prevent freezing during the stay in a 
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Animals condition Snow animals Litter animals 
Chill-coma -7.940.55 (9) =5.541.38 (5) 
Lowest mean supercooling point 
recorded =-11.841.4 (33) -9.840.8 (86) 
Thermal hysteresis 1.1840. 25: (12) 0.1240.02 (13) 
Standard metabolic rate (for F, 
reared under field conditions) 38. 2842.57 (10) 8.1741.45 (9) 


No t e. Cold hardiness (°C) and standard metabolic rate at 0°C(M1 0,87 'n7") 
of Isotoma hiemalis in mid winter, given as ¥+95% C.I.; number of measure- 
ments in brackets /7,8/, 


subzero environment; c) when getting in contact with ice crystals, super- 
cooled animals may die by inoculative freezing. Therefore a further pro- 
tection is necessary. Like a number of other heterothermic animals living 
at subzero temperatures /1/, winter~active Collembola have thermal hyste- 
resis producing antifreeze agents /5/ which are able to prevent freezing 
in supercooled organisms to a certain extent. These compounds are known to 
be mostly glycoproteins in larger insects and polar fish. Their chemical 
structure in Collembola is not yet known. In I.hiemalis, ‘a substantial ther- 
mal hysteresis is only present in animals of the winter morph, litter ani- 
mals lose their increased cold-hardiness soon after ecdysis to the summer 
morph and are no more able to survive in an environment colder than the mel- 
ting point of their hemolymph. Thermal hysteresis antifreeze agents have an 
important advantage for winter-active animals, because they are effective 
already at low concentrations. Thus there is no need for a high concentrat- 
ion of low molecular cryoprotectants like polyols and sugars. A high concen= 
tration of such compounds would result in a high hemolymph viscosity im- 
pairing the activity at subzero temperatures. 

Field observations showed that snow surface activity is controlled by 
several factors (Figs. 2, 3 ) : a) snow animals are surface-active only 
during daytime, showing a positive phototaxis. This behaviour can also be 
observed in the laboratory under constant temperature conditions; b)surface 
and snow temperatures below -3°C are avoided, the animals staying in lower 
snow layers with temperatures above this threshold. By this the chill-coma 
of snow animals (-8.8°C) is low enough to enable a retreat into safer parts 
of the snow cover when temperature declines; c) Mass appearances can mainly 
be observed during weather changes. Laboratory experiments revealed that 
snow animals have a significantly higher surface activity under continuous- 
ly changing barometric pressure than under constant pressure conditions /6/. 
The significance of this behaviour is evident: a weather change is usually 
accompanied by a change in air temperature. A temperature rise means better 
conditions for surface activity, but air temperature changes are not per- 
ceptible within reasonable time for animals living in the snow cover.On the 
other hand pressure changes can be recognized without delay and used asa 
cue. These behavioural adaptations ensure a surface activity only under op- 
timal conditions. 
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F i ge 2. Number of snow-surface active Isotoma hiemalis on a test 


plot of 3 m? (31.1.1981) i 
Stippled: snow and surface temperature above threshold of -3 C 


Fig. 3. Surface activity of Isotoma hiemalis in a laboratory expe- 


riment at =1,9° 
a —- in vessel with falling pressure (252 mb/h) 5 
Bach vessel contained 150 animals 


b - in vessel with 


constant barometric pressure. 


he sense of winter surface activity of 
springtails. The most plausible explanation is an easy dispersal,as anes 3 
was proposed /3/. I.hiemalis lives in microhabitats of high humidity h = 
our spruce forests, e.g- in accumulations of needle litter in drains. Thes 
habitat islands are separated from each other during summer by dryer areas 
and vegetation. Therefore, a genetic exchange between such islands is in- 
peded like between the patchy distributed microhabitats of other winter ac~ 
tive Collembola. In winter, adequate temperatures provided, high humidity 
on and within the snow cover allows a dispersal over distances and thus a 
colonisation of new favourable habitats as well as a genetic exchange bet- 
ween existing island populations. Consequently not the whole population is 
involved in this exchange. Further experiments will clarify how the partit- 
ion into the two subpopulations happens; preliminary results suggest that 


a genetic polymorphism is involved. 


This leads to the question about t 
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Discussion 


Dallai R.: Which kind of polymorphiam do you suggest? Do you think that a 
certain genetic activity is favorite in a season and one different in an 
other season? If so, have you some information on which kind of regulation 
isoccurring? In any case it seems that the situation of I.hiemalis is not 
very different from that known. 

Zettel J.: I am sorry I am not able to give you an answer yet concerning 
such details. We just have some preliminary results indicating that there are 
physiological differences in the progeny of snow and litter animals. 


Dunger W.: What are your observations about feeding in snow animals of Iso- 
toma hiemalis? 


Zettel J.: Snow animals on the snow surface have no gut content. Feeding 
would reduce their supercooling ability. Snow animals occasionally feed 
within the snow layer, but in this case they will not appear on the surface 
unless they have emptied their guts. 


Szeptycki åA.: Do you studies age and sex structure of the subpopulation ac- 
tive on snow? 


Zettel J.: We studies the age structure of snow animals, but not the se- 
xual structure of this part of population. Snow animals belong to insta: IV 
to adults, in litter animals we also observed individuals down to instar I. 
Concerning the sexual composition of both subpopulations we know that fema- 
les and males are present in both of them. 


Zinkler D.: Winter active Isotoma hiemalis starve for several months.Do you 
estimate decrease in lipid content for example by loss of body weight or 
quantitative triglyceride analysis? 

Zettel J.: We have not done such measurement yet, but they are planned. 
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